This systematic review and meta-analysis critically examined the evidence for bodily illusions to modulate pain. Six databases were searched; 2 independent reviewers completed study inclusion, risk of bias assessment, and data extraction. Included studies evaluated the effect of a bodily illusion on pain, comparing results with a control group/condition. Of the 2213 studies identified, 20 studies (21 experiments) were included. Risk of bias was high due to selection bias and lack of blinding. Consistent evidence of pain decrease was found for illusions of the existence of a body part (myoelectric/Sauerbruch prosthesis vs cosmetic/no prosthesis; standardized mean differences 5 21.84, 95% CI 5 22.67 to 21.00) and 4 to 6 weeks of mirror therapy (standardized mean differences 5 21.11, 95% CI 5 21.66 to 20.56). Bodily resizing illusions had consistent evidence of pain modulation (in the direction hypothesized). Pooled data found no effect on pain for 1 session of mirror therapy or for incongruent movement illusions (except for comparisons with congruent mirrored movements: incongruent movement illusion significantly increased the odds of experiencing pain). Conflicting results were found for virtual walking illusions (both active and inactive control comparisons). Single studies suggest no effect of resizing illusions on pain evoked by noxious stimuli, no effect of embodiment illusions, but a significant pain decrease with synchronous mirrored stroking in nonresponders to traditional mirror therapy. There is limited evidence to suggest that bodily illusions can alter pain, but some illusions, namely mirror therapy, bodily resizing, and use of functional prostheses show therapeutic promise.
Introduction
A growing body of evidence points to a complex relationship between pain and disruptions of other bodily perceptions of the painful part. First, structural and functional differences between people with and without pain, both cortically and subcortically, include areas clearly involved in bodily awareness and perception. 20, 26, 50 Second, distortions of bodily perception most often involve the body part feeling larger than it really is, 41, 30 with behavioral hand size estimation tasks confirming this altered perception. 41 Similar distortions can be evoked experimentally by anaesthetizing the area, a procedure known to alter response profiles of primary somatosensory cortex neurones, 4 or by cutaneous stimulation, 23 which suggests that cortical and perceptual dysfunction might simply reflect peripheral disturbances. However, inducing the illusion that a body part is enlarged increases movement-evoked swelling in people with complex regional pain syndrome (CRPS), 48 and treatments that target these functional brain changes, such as graded motor imagery and sensorimotor retraining, reduce pain, 40, 43, 51 which suggests the link may be bidirectional. Importantly, reductions in pain appear to be coincident with restoration of functional cortical representation. 50 One way to manipulate perception, and thus experimentally evaluate the relationship between pain and perception, is through illusions. Recent studies have found that illusions can alter pain levels in conditions such as osteoarthritis (OA), CRPS, and neuropathic pain. 44, 48, 52 Furthermore, some illusions have been used to interrogate the idea that pathological pain results from a mismatch between motor intention and motor output. 34, 46 Over a decade of investigations into the potential utility of using illusions to modulate pain have yielded sometimes sophisticated and costly treatments, 7 but, with the exception of mirror therapy, 18, 6 there appears to have been no attempt to take stock, synthesize, and critically evaluate what is now a substantial literature evaluating illusions and pain. As with any treatment that may be provided to patients, it is imperative to understand the current evidence supporting its use. Thus this systematic review and meta-analysis aimed to determine the current evidence concerning the effects of bodily illusions on both acute and chronic pain.
Methods

Data sources
A systematic search strategy in MEDLINE, EMBASE, PsycINFO, CINAHL, Amed and PubMed was used to identify studies evaluating the effect of bodily illusions on pain (from relative date of inception to February 28, 2014) . Search strategies were modified
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to meet the specific requirements of each database (See Table 1 for Medline search strategy). Reference lists of potentially eligible studies and relevant systematic reviews were hand searched. Last, 4 experts in the field (Dr Alberto Gallace, Dr Roger Newport, Dr Diana Torta, Dr Martin Diers) were contacted to identify any additional eligible studies that may have been missed by the search. This systematic review was guided by principles from the Cochrane Collaboration of Systematic reviews and the Preferred Methods of Reporting of Systematic Review and Meta-Analyses (PRISMA) statement. 39 We conducted this review using an a priori protocol (available from T.R.S. upon request).
Study selection
Studies were eligible for inclusion if they recruited participants with an acute or chronic painful condition, if they evaluated the effect of a bodily illusion on pain, and if they compared illusion results with control condition or to a healthy (pain-free) control group, and if they provided results for a quantitative measure of pain. Specifically, studies had to use illusions that altered the perception of the painful body part. No restriction was placed on language.
Studies were excluded if they recruited only healthy pain-free controls or if the illusion did not alter the perception of the body (eg, the illusion only altered perception of the environment or the illusion was a used merely as a distraction). Studies that evaluated combination treatment (ie, illusions and another nonillusory active treatment in one person) were not included, unless the control group also received the nonillusory active treatment (such that the sole effect of illusion could be determined). All types of study designs, except case studies, were considered eligible for inclusion.
Definition of a bodily illusion
A bodily illusion was defined as a phenomenon in which an external stimulus is interpreted by the neural system in such a way that the resultant perception of the body is significantly different from reality. This may include alterations to the size/shape, location, movement, or ownership (eg, the rubber hand illusion [RHI] 5 ) of the painful body part. Additionally, this includes illusions of pain-free, normal function of the body part and/or illusory existence of an amputated body part (ie, mirror therapy). This definition of a bodily illusion was determined by consultation with 3 experts in the field (Dr Alberto Gallace, Dr Martin Diers, Dr Roger Newport).
Study inclusion
The titles and abstracts of all studies retrieved by the search were initially screened by 2 independent assessors (E.B., V.B.) and any discrepancies were discussed. If consensus was unable to be reached, a third independent assessor (T.R.S.) was consulted. Following this initial screen, the full text of potentially eligible studies were formally evaluated for inclusion using an identical process and using a custom-designed, piloted inclusion form.
Risk of bias assessment
The risk of bias was assessed by 2 independent reviewers using custom-designed piloted forms that included assessment of selection bias, detection bias, blinding, statistical methods, reporting bias, performance bias, and other forms of relevant bias (eg, the presence of concomitant treatment). The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 61 were used to inform risk of bias assessment for cross-sectional repeated measures and observational studies. Randomized controlled trials (RCT) were assessed with additional questions on allocation concealment and adequate sequence generation on the basis of the Cochrane risk of bias guidelines. 29 Assessment of bias related to crossover effects and randomization of test condition was completed for repeated measures studies.
Data extraction
Two independent reviewers used a customized piloted data extraction form to retrieve the following information from included studies: study design (ie, case-control, repeated within-subject measures, RCT), sample size, demographics of participants (eg, age, gender) and control groups (if applicable), type and nature of control (ie, control condition vs separate control group; placebo or inactive control vs active intervention), inclusion and exclusion criteria for participants, source of participants, type and duration of illusion, credibility of illusion, other clinical information (eg, concomitant conditions, time since amputation). Quantitative pain measures (ie, intensity of pain, duration of pain relief, number of participants with pain) were extracted including the baseline scores (where reported), postintervention scores, and pain scores from all follow-up time points. If applicable, change scores for pain measures were also extracted. For pain outcomes, measures of central tendency (mean or median) and measures of dispersion (SD, interquartile range, 95% confidence intervals [95% CI]) were extracted for each group/testing condition. If included studies provided insufficient information, study authors were contacted up to 3 times. If no response was received after 3 attempts, the data were considered unobtainable.
Data synthesis and analysis
Included studies were grouped according to the type of illusion and the similarity of the illusion they used: (1) Bodily resizing illusions (ie, technology was used to alter the visual size of the body part); (2) mirror therapy; (3) illusions of virtual walking (use of a mirror and video projector set-up to induce an illusion of walking); (4) illusions of a new limb (functional prostheses used in amputees to cause a feeling of possessing the limb); (5) illusions of ownership (rubber hand illusion); and (6) illusions of incongruent movement (use of a mirror and bilateral limb movement; arms move in opposite directions and this induces an incongruence between vision and the actual movement [eg, reflected image of nonpainful arm moving upwards, but hidden painful arm actually moving downwards]).
When 2 or more studies evaluated 1 type of illusion and used a comparable illusion and control condition, pooling of data using Table 1 Medline search strategy. For nominal level pain outcome measures, odds ratios (OR) were calculated. For pooling of between-subject study designs, the Manzel-Haetzel random effects analysis was used. For within-subject study designs (ie, repeated measures, cross-over), the natural logarithm of the ORs (lnOR) and its standard error (SE [lnOR]) were inputted into Revman using the generic inversevariance (GIV) function, so as to allow pooling (as per Cochrane Collaboration's recommendations for crossover study designs 29 ). Calculation of SE (lnOR) was completed using the marginal probabilities of success method. 2, 17 When adequate data were not available to calculate SE (lnOR), correlation coefficients from similar studies (with similar comparisons) were imputed; in these cases, sensitivity analyses were performed using correlations 60.1.
29
For continuous measures of pain outcomes, all pooling used a GIV random effects model to calculate standardized mean differences (SMD; used due to differences between studies in pain measurement scales). SMDs were calculated by dividing the mean difference in posttreatment pain scores between illusory condition and nonillusory control condition by the pooled SD. When studies used change scores, the mean difference of the pre-/postchange scores between illusory and nonillusory conditions was divided by the pooled SD of the difference scores. For within-subject study designs, we used the postcondition correlation coefficients, calculated from individual patient data, to calculate the standard error of the SMD (SE [SMD]). 29 When adequate information was not provided/available, a correlation coefficient, taken from a similar study for which individual patient data were present, was imputed. The robustness of this imputation was evaluated by reanalyzing these data with the correlation coefficient increased and decreased by 0.1. 29 For all comparisons involving within-subject study designs, the SMD (and its SE) were entered into Revman using the GIV method. 29 When necessary, SMD and SE (SMD) for between-group study designs were calculated using Revman. Last, in meta-analyses with significant pooled effect estimates, we calculated the absolute treatment effect by multiplying the SMD by a representative between-subject SD for an appropriate pain scale as per established recommendations. 29 Interpretation of effect estimates (SMD) was according to Cohen (small # 0.2; moderate 5 0.5; large $ 0.8).
12 Heterogeneity of pooled studies was assessed using the x 2 test and I 2 statistic. When the x 2 had P , 0.10, statistically significant heterogeneity was considered present; when I 2 . 60%, substantial heterogeneity was considered present. 29 Where appropriate, data were presented as effect estimates (SMD/OR and the 95% CI). For ease of clinical interpretation, significant effect estimate data were also presented as absolute change in pain (note: the scales differ for each study, therefore we present the results as percentage change). For each stage of the review process, kappa values (k) were calculated to evaluate chancecorrected agreement between raters.
Results
The search strategy resulted in a total of 2213 citations, of which 20 studies (21 experiments; Ref 58 reported 2 experiments) met the eligibility criteria and were included in the present review. [7] [8] [9] [10] 13, 15, 19, 31, [33] [34] [35] 37, 44, 48, 52, 54, [57] [58] [59] 63 See Figure 1 for a flow chart of this process and Table 2 for details of these included studies. Authors of 12 studies were contacted to retrieve necessary pain outcomes or within-subject correlations (for pooling): some/all of the missing information was provided for 8 studies, 13, 15, 19, 44, 48, 52, 54, 63 necessary data were unable to be provided in 3 studies [33] [34] [35] and 1 author was unable to be contacted. 7 Agreement between raters was k 5 0.794 at the screening stage and k 5 0.096 at the inclusion stage. The latter low agreement score reflected rater differences in the perceived eligibility of virtual reality studies; these differences were resolved upon clarification of inclusion criteria.
Study design
Included studies utilized a variety of study designs. Six studies used an RCT study design [7] [8] [9] [10] 37, 59 ; 2 studies were nonrandomized control studies 63, 19 ; 1 study used a crosssectional study design 31 ; 1 study a 3 3 3 mixed design. 54 The remaining 10 studies (11 experiments) used repeatedmeasure study designs, 13, 15, [33] [34] [35] 44, 48, 52, 57, 58 involving within-subject comparisons.
Type of health condition
Eligible studies evaluated a variety of chronic pain conditions (ie, pain persisting for at least 3 months 36 ) including neuropathic pain in paraplegic patients 44, 59 ; phantom limb pain (PLP) 7, 10, 19, 31, 57, 58, 63 ; fibromyalgia only (FMS 33 ); whiplash associated disorder (WAD 13 ); FMS and CRPS 34 ; CRPS only 35, 48, 54 ; CRPS poststroke 8, 9 ; upper extremity pain poststroke 37 ; OA of the hand 52 ; upper back pain. 15 No studies assessed the effect of bodily illusions in acute/subacute pain conditions (ie, pain for less than 3 months).
Type of illusion and control conditions
Three studies evaluated the effect on pain of bodily resizing illusions, (ie, altering the perceived size of the painful body part 15, 48, 52 ); 8 studies evaluated the effect of mirror therapy, [7] [8] [9] [10] 19, 35, 37, 57 2 studies evaluated virtual walking (using mirror set-up 44, 59 ); 2 studies creating the illusion of an existing body part (using functional prostheses in amputees 31, 63 ); 2 studies (3 experiments) evaluated the effect of embodiment (via synchronous stroking of a rubber hand or body 57, 58 ); 3 studies evaluated incongruent movement illusions (ie, incongruence between vision and proprioception using a mirror set-up 33, 34 ). All studies compared the effect of bodily illusions on pain with a nonillusory control condition, illusory control condition, or both. Three studies additionally compared the pain group's results with those from a healthy pain-free control group 13, 15, 33 and 1 study compared the pain group's results with those from a separate clinical pain control group. 54 
Risk of bias
All studies had a high risk of bias ( Table 3) . Sample size was small in most and only 3 studies performed an a priori power calculation. 8, 13, 37 Participants were blinded in 25% of experiments (5 studies 8, 13, 33, 59, 63 ) and assessors in only 20% of experiments (4 studies 8, 31, 37, 59 ). In 33% of experiments, credibility of the illusion was evaluated and deemed credible 15, 44, 54, [57] [58] [59] ; and only 33% of experiments with a repeated-measures study design adequately controlled for crossover effects.
13,44,48,57 None of the 6 RCTs included in the review had a low risk of bias-blinding of participants was not possible in most studies. Agreement between raters ranged between k 5 0.151 and k 5 1.0. Only 2 categories, "standardized diagnosis" and "incomplete outcome reporting," were below k 5 0.6. Of all bias ratings, 4.5% required consultation with the third assessor.
Outcomes: effect of illusions on pain
For all studies using continuous outcomes, the individual effect sizes are shown in Figure 2A .
Resizing illusions
Various methods were used to induce resizing illusions: binoculars were used to magnify/minify hand size 48 ; specialized video equipment was used to stretch/shrink hand size (congruent vision and touch used to induce the illusion) 52 ; altered video was used to enlarge/downscale back size. 15 All 3 studies assessed pain intensity (preillusion to postillusion) and 2 reported on the change of "clinical" (ie, preexisting) pain intensity. 48, 52 However, because of differences in the type of illusion (magnify whole body part vs stretch one area of the body part), population studied and hypothesized direction of effect, these studies were unable to be pooled.
In studies that evaluated change in preexisting clinical pain intensity, illusions that reduced the size of the affected body part consistently reduced pain compared with controls ( Fig. 2) . In people with CRPS, a visual illusion that decreased the overall size of the affected hand significantly reduced pain compared with noresizing of the painful body part (SMD 5 20.87, 95% CI 5 21.43 to 20.32). This corresponds to a pain increase of 9.5% above the pain induced by hand movements alone (95% CI 5 7% to 18.5%). Similarly, in people with hand OA, a multisensory illusion (combining touch and vision) that "shrunk" the affected painful joint, significantly reduced pain compared with a resizing illusion on a nonpainful area of the hand (SMD 5 20.59, 95% CI 5 20.95 to 20.23). This is an equivalent pain decrease of 24.1%, (95% CI 5 9.0% to 37.3%). On the contrary, illusions that increased the size of the affected body part had differential effects in CRPS and OA, but findings were in the directions hypothesized. Compared with no-resizing of the painful body part, visual illusions that increased the apparent size of the CPRS-affected hand significantly increased pain above that induced by hand movements alone (SMD 5 0.54, 95% CI 5 0.04-1.05; equivalent pain increase of 14.0%, 95% CI of 5.2% to 23.0%). In OA, multisensory illusions that "stretched" the size of the painful joint, significantly decreased pain compared with resizing illusions of a nonpainful part of the hand (SMD 5 21.12, 95% CI 5 21.55 to 20.70; equivalent pain decrease of 34.7%, 95% CI of 21.8% to 48.3%).
One study investigated pain intensity and unpleasantness of externally applied nociceptive stimuli (pressure and electrical) during illusory resizing of the back in people with chronic back pain. 15 Neither illusions of an enlarged back nor a downscaled back had an effect on pain intensity or unpleasantness for either nociceptive stimulus (vs watching a normal-sized back; Characteristics of included studies. Table 1 , available online at http://links.lww.com/PAIN/A181). One study also evaluated the time to return to pretask pain levels. 43 During illusory hand magnification in CRPS, the time to return to pretask pain levels was significantly longer (P 5 0.03) than it was for both illusory reduction of the hand and no-illusion control conditions. During illusory reduction of hand size, time to pretask pain return was significantly shorter than no-illusion control conditions (P 5 0.03).
Mirror therapy-1 session
Four studies evaluated the effect of 1 session of mirror therapy on pain, of which 3 could be pooled. These 3 studies compared mirror therapy (movement of intact limb) with covered mirror therapy (mirror obscured by cloth; in CRPS 35 and in PLP 7 ) or with no treatment in PLP 19 and found a nonsignificant pooled effect estimate (SMD 5 0.17, 95% CI 5 21.72 to 2.06; Fig. 2B ), suggesting no effect of 1 session of mirror therapy. The individual and pooled results were unchanged based on sensitivity analyses (See Supplementary  Figure 1 , available online at http://links.lww.com/PAIN/A181).
The fourth study explored illusory touch (using a mirror therapy set-up) in upper limb amputees with PLP that were previously unresponsive to traditional movement-based mirror therapy. Illusory touch was induced through synchronous stroking of the stump with mirrored stroking of the referred sensation location on the intact hand and was compared with mirrored movements and with covered mirror intact-hand stroking. 57 In both comparisons, illusory stroking reduced pain levels (SMD 5 21.65, 95% CI 5 2 2.89 to 20.42 and SMD 5 25.13, 95% CI 5 28.99 to 21.28, respectively). This is an equivalent pain decrease of 17.0% (95% CI 5 4.0% to 29%) compared with mirror movements and 14.0% Figure 2 . (A) Effect estimates for studies evaluating continuous outcomes of pain (standardized mean differences and 95% confidence intervals). (B) Pooled effects on pain of 1 session of mirror therapy (compared with covered mirror therapy or no intervention), prolonged mirror therapy (compared with covered mirror therapy), and functional prostheses (compared with no/cosmetic prosthesis). For 1 session of the mirror therapy, the SD of the difference scores 29 was imputed for Brodie et al. 7 using a correlation of 0.70 for pre-/posttreatment pain results. This correlation was taken from studies with similar pre-post data. Active, active control condition; AS, Asynchronous stroking; BHM, bilateral hand movements; CMT, covered mirror therapy; EMI, explicit motor imagery; inactive, inactive control condition; IT, illusory touch (using traditional mirror box set-up); MT, mirror therapy; NS, nonsignificant; RHI, rubber hand illusion; S, significant; SS, synchronous stroking; stab, threatening stimuli (stabbing).
(95% CI 5 4.0% to 25.0%) compared with covered mirror intacthand stroking.
Mirror therapy-prolonged treatment
Four RCTs evaluated the effect of a course of mirror therapy (4-6 weeks treatment) on pain compared with covered mirror therapy, [8] [9] [10] motor imagery, 9,10 or bilateral hand movements. 37 Of these, only 1 study was additional to those reported in a recent systematic review on graded motor imagery in pain (see Ref. 6 for full details), but this inclusion allowed for pooling of 2 studies. 10, 8 Pooled results found that 4 weeks of mirror therapy (compared with covered mirror therapy) resulted in a large, significant reduction in pain (SMD 5 21.11, 95% CI 5 21.66 to 20.56; Fig. 2B ). This effect is equivalent to a pain decrease of 33.0% (95% CI 5 12.0% to 37.0%). A third study (for which insufficient data were present to allow pooling) 9 corroborated this result: those receiving mirror therapy had a significantly increased odds of experiencing pain reduction, as compared with those receiving covered mirror therapy (OR 5 49.0, 95% CI 5 2.53 to 948.62). Results comparing mirror therapy to another active treatment, motor imagery, 9, 10 were unchanged from the past review 6 finding that mirror therapy reduced pain to a larger extent than motor imagery. The evidence suggests that this effect on pain is maintained over time. At the 6-month follow-up, Cacchio et al. 8 found a large, significant decrease in pain in people with CRPS after stroke, who were in the mirror therapy group (SMD 5 21.44, 95% CI 5 22.08 to 20.80), as compared with those in the covered mirror group. Furthermore, 2 studies in which the control groups (covered mirror and mental imagery and stroke rehabilitation) crossed over to mirror therapy after 4 weeks, found similar pain reductions as those experienced by the initial mirror therapy group.
9,10 They also found sustained reductions in pain at 8 weeks in the initial group that received mirror therapy. In contrast, the previous review 6 reported results of only 1 study that found a small nonsignificant effect size of mirror therapy compared with bilateral hand movements (SMD 5 20.34, 95% CI 5 20.96 to 0.29) at the 6-month follow-up.
Virtual reality-virtual walking
The 2 studies that assessed the effect of virtual walking on neuropathic pain in people with paraplegia did so by projection of a video of "walking legs" onto a screen that was aligned with the reflected image of the participant's upper body and trunk (mirror positioned in front of the wheelchair). 44, 59 These studies compared virtual walking with both inactive and active control conditions; data were unable to be pooled because of differences in duration of the treatment (1 session 44 vs 10 sessions 59 ) and the use of different control conditions. Results varied for both inactive and active control comparisons ( Fig.  2A) . When compared with watching a comedy film, 44 virtual walking reduced pain to a greater extent (SMD 5 23.07, 95% CI 5 25.56 to 20.58; equivalent pain decrease of 38.0% [95% CI 5 7.2% to 68.8%]) but in the second study, 59 where virtual walking was compared with viewing landscapes/faces (plus receiving sham tDCS), the effect estimate was nonsignificant (SMD 5 20.11, 95% CI 5 20.62 to 0.40). Similarly, when compared with guided imagery, 44 virtual walking demonstrated a large significant reduction of pain (SMD 59 performed follow-ups at the end of treatment and at 2 and 4 weeks posttreatment, measuring overall, continuous and paroxysmal pain scores. There were no significant differences in overall pain or continuous pain scores between the virtual walking group and the placebo group or the tDCS group at any time point (nonsignificant SMDs ranging from 20.11 to 0.98; Supplementary Table 2 , available online at http://links.lww.com/PAIN/A181). Paroxysmal pain scores were significantly reduced at all time-points in the virtual walking group but only when compared with the placebo group (Supplementary Table 2 ).
Illusion of existence of body part
The 2 studies that used functional prostheses in amputees with PLP to create an illusion of an "existing" body part used either a myoelectric prosthesis (uses electric potentials from voluntarily contracting muscles in the stump to operate) 31 or the Sauerbruch prosthesis, (mechanical insertion of prosthesis into the muscle belly and movement is driven via physical muscle contraction). 63 Pooled results (Fig. 2B) found that use of functional prosthesis in amputees with PLP had a large significant pain reduction (SMD 5 21.84, 95% CI 5 22.67 to 21.00) compared with cosmetic prosthesis use, 63 and no/rare myolectric prosthesis use. 31 This effect is equivalent to a pain reduction of 50.0% (95% CI 5 27.0% to 73.0%).
Embodiment illusions
Two studies (3 experiments) evaluated the effect of embodiment illusions on pain. 58, 54 Due to the variation in methods, data were unable to be pooled ( Fig. 2A) . One study evaluated the effect of a full-body illusion in upper limb amputees (4/7 had PLP) when the mannequin was intact (compared synchronous vs asynchronous stroking; experiment 1) and when the mannequin was missing a hand (compared telescoping vs nontelescoping illusion; experiment 2). 58 That is, synchronously stroking the area of the stump that referred sensation to the phantom limb and the corresponding "referral" area on the rubber hand (intact mannequin) or corresponding area of space (mannequin missing a hand). Synchronous stroking of an intact mannequin had a nonsignificant pain reduction compared with asynchronous stroking (SMD 5 20.55, 95% CI 5 21.56 to 0.47) and telescoping had a nonsignificant increase in pain compared with nontelescoping (SMD 5 1.36, 95% CI 5 20.79 to 3.50).
The second study evaluated the RHI, followed by stabbing of the rubber hand with a syringe both in people with CRPS and in a clinical pain control group: synchronous stroking of the affected hand (1stabbing) was compared with asynchronous stroking of the affected hand and with synchronous stroking of the unaffected hand (1stabbing). 54 No differences in pain were found between groups or between experimental conditions in either group (nonsignificant SMDs ranging from 20.19 to 0.12; Supplementary Three studies evaluated the effect of incongruent movement illusions, which were hypothesized to induce and/or increase pain. 13, 33, 34 In these studies, the mirror provided a reflected image of the nonpainful body part; the painful body part was hidden from view behind the mirror. Participants moved the painful and the nonpainful body part in opposite directions creating incongruence between vision (reflected image of arm in the mirror) and proprioceptive feedback. The results were varied.
Only 2 studies 33,34 evaluated exacerbation of preexisting symptoms and performed similar within-subject comparisons and thus were pooled (Fig. 3) . In people with pain (CRPS or FMS 34 or FMS 33 ), there was a significant increase in the odds of experiencing pain during incongruent movement illusions, as compared with congruent movements using a mirror (OR 5 1.67; 95% CI 5 1.25-2.24), but no differences when compared with incongruent movements without visual cue (whiteboard; OR 5 0.83; 95% CI 5 0.57-1.19), or congruent movements with whiteboard (OR 5 1.07; 95% CI 5 0.91-1.27). Sensitivity analyses imputing correlations 60.1 did not alter these results. In people with CRPS or FMS, incongruent movement illusions resulted in higher reports of severe pain (17%) than congruent mirror movements (4%) and incongruent/congruent movements without visual cue (both 0%). 34 In the third study, 13 however, participants with WAD (and without arm pain) were not more likely to develop pain in the arm during the incongruent movement illusion than during control conditions (congruent mirror, Incongruent whiteboard, congruent whiteboard; nonsignificant ORs ranging from 1.00 to 1.12; Supplementary Table 4 , available online at http://links.lww.com/PAIN/A181). People with WAD only had increased odds of developing arm pain during the incongruent movement illusion compared with general movement alone, ie, in which no mirror or whiteboard was used.
Comparison with healthy controls
Two studies also compared the pain population to healthy controls 33, 13 ; neither study found that incongruent movement illusions selectively increased pain to a greater extent in a painful population than in healthy controls (ie, pain increase also occurred during control conditions). In the first study, people with FMS did not have increased odds of experiencing pain compared with healthy controls during an incongruent movement illusion (OR 5 3.90; 95% CI 5 0.93 to 16.31) or with a congruent mirror control condition (OR 5 1.99, 95% CI 5 0.51 to 7.71) 33 but had increased odds of experiencing pain during both whiteboard control conditions (incongruent: OR 5 12.60, 95% CI 5 1.48 to 107.54; congruent: OR 5 10.67, 95% CI 5 1.24 to 91.98). In the second study, 13 people with WAD had increased odds of experiencing arm pain compared with healthy controls, but this occurred for all conditions (congruent mirror/whiteboard: OR 5 66.60, 95% CI 5 3.78 to 1173.63; incongruent mirror/whiteboard: OR 5 59.59, 95% CI 5 3.38 to 1050.18), including 2 movement conditions without view of the whiteboard or mirror, suggesting that it was merely movement in people with WAD that was pain provoking.
Discussion
We evaluated the current evidence for the effect of bodily illusions on pain. With the caveat that all studies had a high risk of bias, consistent evidence emerged: a decrease in pain was imparted by functional prosthetic use (illusory limb presence); illusory reduction in the apparent size of the body part; synchronous touch; and prolonged mirror therapy treatment. Illusory increase in the apparent size of the body part consistently modulated pain in the hypothesized direction (direction varied between conditions). Inconsistent effects on pain were found for virtual walking. No effects on pain were found for 1 session of mirror therapy, for embodiment illusions and for most incongruence illusions, although incongruent movement illusions had greater odds of increasing pain than congruent mirrored movements did. Our findings are limited to chronic pain-no studies evaluated acute pain.
Resizing illusions
The coexistence of cortical misrepresentation of the body and perceptual size dysfunction in chronic painful conditions 37, 43 underpins the investigation of resizing illusions. Changing how the painful body part looks may induce changes in cortical representation 56 and thus affect pain. We found limited evidence for bodily resizing illusions (3 studies, n 5 48), but the evidence suggests that the type of condition, perceptual dysfunction and illusion (general vs targeted) may be important. For example, people with CRPS often report that their affected arm feels bigger than the healthy arm 30, 41, 49 ; illusions that magnified the entire CRPS-affected hand increased pain and illusions that "minimized" the hand decreased pain. 48 Conversely, people with OA perceive their hand to be smaller than healthy controls do 24 and stretching illusions centered on the painful joint had a larger effect on pain than shrinking illusions did. 52 Perhaps pain relief depends on normalizing the perceptual dysfunction. Moreover, it is interesting that visual resizing of the whole hand did not affect OA pain, but multisensory illusions did. 52 Clearly more work is needed to elucidate these findings. Last, resizing illusions in chronic back pain did not alter intensity or unpleasantness of pain evoked by experimental nociceptive stimuli, 15 raising the possibility of differential effects on chronic pain vs acute nociceptive processing.
Mirror therapy
Mirror therapy is thought to reduce pain by providing pain-free visual feedback of normal limb movement. The effect has been attributed to removing incongruence between motor intention and sensory feedback for the painful (or phantom) limb, 27, 32 but cognitive mechanisms associated with threat appraisal have also been proposed. 45 There is limited evidence that 1 session of mirror therapy does not reduce pain, 7, 19, 35 but limited-to-moderate evidence that prolonged mirror therapy does, at least when compared with inactive control conditions [8] [9] [10] or explicit motor imagery. 9, 10 Nonsignificant effects for 1 session of mirror therapy may reflect reduced power (n 5 18 vs n 5 30 for prolonged therapy), or alternatively, a cumulative effect of prolonged mirror therapy.
Interestingly, nonresponders to traditional mirror therapy had significant pain reduction with congruent tactile and visual information (synchronous stroking), applied using the traditional mirror box set-up. 57 Perhaps the presence of multisensory congruent information is most important to the effects on pain, rather than the modality of the multisensory components. Indeed, that tactile input could be as effective as traditional mirror therapy has been proposed previously. 45 It is interesting to speculate that tactile multisensory information might avoid the associative pairing of movement with pain 14, 60 and thus be less likely to trigger nociception, the latter also being a premise to graded motor imagery. 43 
Virtual walking illusions
Virtual walking aims to create the illusion of normal leg function. Again, evidence is limited (2 studies, n 5 44): 1 small randomized repeated-measures study 44 found significant pain reductions but a larger RCT 59 found no effect. Although the studies differed on inactive control conditions-Soler et al. 59 44 which has known efficacy compared with placebo, 22 but not tDCS with the motor cortex, 59 suggests that comparison with common treatments for chronic pain is necessary before clinical implementation.
Functional prosthesis-illusory existence of a missing body part
Although the creation of illusory existence of a missing body part was not the primary aim of these studies, 31, 63 they clearly induce such an experience. Limited evidence (2 studies, n 5 35) suggests that use of functional prostheses reduces PLP. The large between-group difference in the time wearing the prosthesis (22 vs 5 years) 31 and the significant between-group age difference, 63 suggests caution in interpreting these studies' findings.
Embodiment illusions
Embodiment illusions are hypothesized to influence pain through "replacing" the real, painful body part with an artificial counterpart. 25 It is certainly intuitively attractive: we might be able to reduce pain by "projecting it" away from our body. That the RHI induces limb-specific changes in temperature regulation 47 and histamine reactivity 1 raises the possibility of modulation of nociception at a tissue or spinal level as well. Evidence exists that embodiment modulates physiological responses to painful stimuli: decreased arousal responses occur with high levels of self-identification with an avatar. 55 However, in healthy volunteers, the evidence is conflicting as to whether the RHI does 28 or does not 38 decrease experimentally induced thermal pain. Perhaps the experimental methodology used for embodiment is essential to the modulatory effects on pain. Alternatively, perhaps the pain is not decreased in intensity or unpleasantness but simply felt elsewhere: indeed, participants report that the evoked pain is felt in the rubber hand, not the stimulated hand. 38 Our review found that embodiment does not modulate pain-fullbody embodiment illusion 58 did not decrease pain and RHI combined with threat (stabbing) 54 did not increase pain, suggesting that embodiment and pain modulation may be separate processes.
Incongruent movement illusions
Incongruent movement illusions have been used to test the hypothesis that incongruence between motor intention and motor action causes or exacerbates pain. 27, 32 We found limited evidence (3 studies, n 5 87) against this idea-incongruence illusions did not selectively cause or exacerbate pain in patients when compared with control conditions or healthy controls. The sole exception was that incongruence illusions were more likely to result in pain exacerbation than mirrored, congruent movements, 33, 34 although it is interesting to speculate that the latter may constitute a dosage of traditional mirror therapy. That performing opposing movements with the arms, but without visual feedback, aggravated pain in FMS patients (more so than in healthy controls) 33 might simply reflect motor or biomechanical demands of the task.
Dosage of illusion application
The evidence is primarily limited to short-duration bodily illusions (eg, 20 seconds-15 minutes). Repeated/prolonged interventions might be required to decrease pain 53 : studies evaluating at least 4 weeks of mirror therapy [8] [9] [10] 37 all reported significant pain reduction. Moreover, evidence suggests a positive effect of graded motor imagery, 40, 42, 43 which incorporates 2 weeks of intensive mirror therapy training, in people with CRPS or PLP.
Strengths and limitations
We emphasized rigor by conforming to the gold-standard approach to meta-analytical reviews. 39, 29 We used a sensitive search strategy, hand searching references and consulting experts; yet, it remains possible that we missed eligible studies. We developed, in collaboration with field experts, clear constraints around what bodily illusions entailed, but we recognize that the results may have varied if our definition did. The wide variety of methodologies, types of illusions, and patient groups limited pooling and thus meta-analytical power. Although we required all studies to have a control condition/group to minimize the risk of significant results because of nonspecific effects of treatment, the high risk of bias of included studies (lack of blinding) raises the possibility that pain relief may have been mediated, at least in part, by expectation. 3, 16 Included RCTs generally blinded the assessors, which strengthens our confidence in these findings.
Future research
Robust and suitably powered RCTs are needed. Furthermore, understanding the underlying mechanisms of the illusions would facilitate refinement of those that show promise. For example, a common feature of bodily illusions is that they are multisensory in nature, raising the possibility that the conditions in which these illusions are effective may have deficits in multisensory integration. Indeed, the lack of therapeutic success of traditional mirror therapy in amputees with telescoped limbs (ie, when vision does not match what they perceive), 21 but the efficacy of synchronous touch (ie, vision of touch matches referred sensation areas) 57 suggests that this is a relevant consideration. Preliminary evidence that illusory touch improves sensation in peripheral neuropathy 62 further supports this idea. Clearly more work is needed to clarify these relationships.
Conclusion
This review found promising effects on pain for resizing illusions, functional prosthetic use for PLP, and mirror therapy, suggesting that evaluation of repeated treatment is warranted. Due to the limited evidence base, caution must be employed in prematurely dismissing other illusion methodologies. Further studies with larger samples and varying dosages are essential before solid conclusions can be drawn.
